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Universal genetic markers for the Poaceae family
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Abstract: To develop more universal molecular markers for grasses, rich genetic information of bamboo plants
and 14 pairs of primers were designed according to the conserved regions of the single-copy orthologous (COS
Il ) genes of the Poaceae (grass) family. Then, polymerase chain reaction (PCR) was used to test five bamboo
accessions. Also, Primer 1 and Primer 2 were used to sequence parts of the amplified products, and single nu-
cleotide polymorphisms (SNP) sites were validated with the PCR-restriction fragment length polymorphism
(RFLP) test. Based on different band styles amplified with the 14 primer pairs, genetic distance was calculated
with NT sys 2.10e software and a cluster analysis of five species: Phyllostachys edulis, Ph. viridiglaucescens,
Ph. nigra, Ph. violascens, and Ph. vivax {. aureocaulis were conducted. Results showed that all primers exhibit-
ed specific PCR products in at least one sample. Seven pairs of primers were able to amplify the products in
tested samples with 13 (92.9%) pairs of primers exhibiting polymorphic PCR products in all samples. Sequencing
showed that Primer 1 and Primer 2 were homologous. These sequences were amplified with the same primer
and existed at SNP sites. Some SNP sites led to early termination of the amino acid sequence, and some result-
ed in changes of restriction endonuclease sites. Results of the PCR-RFLP test corresponded with the sequenc-
ing. The cluster analysis indicated that Ph. edulis and Ph. viridiglaucescens were closely clustered, and Ph. ni-

gra was the most isolated. Overall, this classification coincided with morphological classification; so, these
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molecular markers were suitable for application in genetic analyses and other related research with Phyl-
lostachys.[ Ch, 4 fig. 4 tab. 22 ref.]
Key words: botany; Bambusoideae; transferability molecular markers; single-copy orthologous genes; single nu-

cleotide polymorphism (SNP); PCR-RFLP
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Table2 Primer sequences of the 14 COS I markers

EIEZEA S F#EEIH (53" TSP (53" Fro
Primer 1 TACCCGAAGCGGAGCGCGGCGGTGGT  CGCTCCGGCATGTCCTCGAAGAACTT LOC_0s12¢g34340
Primer 2 ATGAGCTTCGCGGATCTGGAG CGAGCGAGTTGAGGAGGCGGCGGTA LOC_0s02g47440.1
Primer 3 GCACCGCCGACTTCTTCTAC CGATGAGCTTGTGCTGCTT LOC_0s03g60750.1
Primer 4 ATCGCAACGAAAGAAAGAGC GCTTCAACCATAGGCTCAGG LOC_0s04g56070.1
Primer 5 CACTCAAGGTCGATGTGGAT CCTTCTTCCAAAGCAAGCTG LOC_0s05g07632.1
Primer 6 ACTGAATGGCCTGTTGAAGC TGGAATCCCCTCTCAATACC LOC_0s06g14740.1
Primer 7 GGGACCTACAGCAGCCATT ATCACACGGAGTAGGCCATC LOC_0s03g47930.1
Primer 8 CGATGGCATCTACCAAAAGG GGCTGTCAGCGTCCATTAC LOC_0s01g70570.1
Primer 9 GCTGACGAGAACCATGTCAA ATCTCGGTGGCATACCCTCT LOC_0s03g54780.1
Primer 10 GAGAAGCGGGAGGAGTTCAC AGGGACACGACACTGAGTCC LOC_0s10g40130.1
Primer 11 GAGCCCTGACAGTCGTCATA AATCCTTGCAGTCACGCCTA LOC_0s10g41370.1
Primer 12 GACCGTAAGACCTTCCTCGACTTCCT TAGATCGTAATCAGCGTCTGCGA LOC_0s03g46190.2
Primer 13 CCTCTTCGTGAGGTACTACGT AGGAACATGTCCTCCTCG LOC_0s04¢38320.1
Primer 14 GAGAACATGGCTAGGCTGGC ACCATGCTCCTGCTAAGTGCCA LOC_0s06g37640.1
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Table 3 Results obtained by PCR with COS Il primers in samples tested

SIM PR B D S RE X 2 RE NN, N,
Primer 1 tetratricopeptide-like helicaldomain-containing protein 6 1~2 6
Primer 2 syntaxin-22-like 6 1~4 6
Primer 3 ribosomal RNA large subunit methyltransferase J 4 1~4 3
Primer 4  COP9 signalosome complex subunit 5b 4 0~3 4
Primer 5 haloacid dehalogenase-like hydrolase family protein 3 0~3 3
Primer 6 NAD binding domain of 6-phosphogluconate dehydrogenase containing protein 2 0~1 2
Primer 7 expressed protein 8 0~8 8
Primer 8  acyltransferase 2 0~2 2
Primer 9 STE_PAK_Ste20_KHSh_GCKh_HPKh.1-STE kinases include homologs to sterile 7, sterile 11 and 3 022 3
sterile 20 from yeast
Primer 10 UDP-N-acetylmuramoylalanyl-D-glutamate-2 , 6-diaminopimelate ligase 7 1~6 6
Primer 11~ WD repeat-containing protein 8 1 1 0
Primer 12 parafibromin 8 1~8 8
Primer 13 expressed protein 6 1~5 5
Primer 14 expressed protein 1 0~1 1
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Figure 1 PCR products of primer 1 and primer 2 in the 5 bamboo

species separated by 6% non-denaturing PAGE gel
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Figure 2 Multiple alignment of the Oryza sativa gene (LOC_0s12¢0527850) and the sequences of the 5 bamboo species based on the primer 1

Phyllostachys violascens

Ph. vivax f. aureocaulis

| Ph. edulis

! Ph. virdiglaucescens

Ph. nigra

L 1 1 1 |
0.537 0.579  0.621  0.663  0.705
HIALR %

B3 SABEREANRELA

Figure 3 A dendrogram of samples based on 14 COS Il markers
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Table 4 Variation of single nucleotides in the segment of primer 2

§ FRAZ Y IR AL 577
P i 24
27e 48e S5le 69e 85e 97e 102e

i) G G C C C(Q) G(A) G
TAT B XS AT A A G G C(Q) T(S) T
mAT A A G G CQ) T(S) T
B A A G G A(K) T(S) T
£ K] A A G G C(Q) T(S) T

VLT TRILF R G R A ILR AR R SNP v 85, 55 3% 0 s i s SL R .
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TE 5 AR ARG B P S A7 A2 e 22 57, BRI T
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400 bp 363 bp
300 bp 347
200 bp 277
251
100 bp 32

1. B YTPCRY™ 1™ 4 2. 55 YTPCRY™ 14 7= ¥ Wy 1] ;
3. BYTPCRY 74y 4. BATPCRY 1 7 Wy g 1] ;
5. HOFF S0 A VTPCRY™ 4 7= )5 6. B FF 13 W 403 47
PCRY M =Wl v); 7. R TPCRY G~ 4); 8. %
YIPCRY 7= WG V) s 9. 28K PIPCRY™ 7=
10. £ K TPCRY™ 38 7= W) B V) o

B4 A Sac | Bapiem 25 R
Figure 4 PCR products of primerl in the 5 bamboo samples
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ARWEFE AR 51 1 FG1H 2 B8 P YA 45 19 SNP 07 0, X — 45 R SAT R e I ) AF A
(5 SNP {7 s #H W) & ", Germano 4§ 5@ i PCR-RFLP 75 i % 5€ ) 3 > & A2 Picea SR 4 Rl A 1) 2 51
il A5 VSR F Iz O B S ) T 25 AR W) R AE A 8 Dendrobium chrysanthum , i 75 1 f§ Dendrobium fimbria-
tum SHIE AR 8 RS P N AR 1 b EAEBE Prunus pseudocerasus 43 —F 35 5 M B 221 5% o
AWFFEIR R PCR-RFLP J5 gk 519 1 Fr 434 19 7= Wy b 47 1 B VTSI, JF%0E T BT ISk 47 2 A1
IR ddt, WSS RARICET Y hE A, A BT R SN FRiC MR A [F AT Fh o O o

was digested with restriction enzyme Sac |
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